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ABSTRACT
The HVAC&R industry continues to be in a wait and see mode regarding what refrigerants will be acceptable for the
future. Concerns in safety, energy efficiency and environmental acceptance have clouded the direction of future
refrigerant acceptance. This uncertainty has led to the development of what might be called the next lower global
warming potential (GWP) refrigerant revolution of products. Manufacturers of refrigerants, environmentalist and
government bodies are all trying to lay claim to what they perceive as acceptable for commercial sustainability,
environmental sustainability, regulatory sustainability or economic sustainability. While various refrigerant
products and chemistries jockey for position, a number of HVAC&R companies are allocating resources to make
initial evaluations. They are hoping they make the right future choice regarding availability, safety regulations,
energy efficiency standards and the next environmental mandates. Sometimes lost in all the uncertainty and position
jockeying is how this outcome will affect the lubricant being used or the potential need for alternative lubricant
options. Like in the past, changes to refrigerants have usually led to some type of change to the system or to the
compressor and in particular changes to the lubricant. This is no different today with some of the lower GWP
refrigerant options that are being investigated or with already established lower GWP such as hydrocarbons, carbon
dioxide and ammonia refrigerants that could benefit from lubricant-refrigerant optimization. The improper choice of
a lubricant for a certain refrigerant can lead to serious consequences in system performance and reliability.
Conversely the proper choice of lubricant or choices that help to optimize system performance can benefit by
minimizing the use of precious natural resources of energy.
This paper will investigate some of the most critical lubricant and lower GWP refrigerant combinations that could
potentially affect the future of the industry. These combinations will require optimization to enhance current
lubricant options or because current lubricant options are inadequate. Some of the lubricant and refrigerant options
that will be discussed are:
 HFO-1234ze(E) – high solubility factor with current lubricants.
 HFO-1234yf – stability with current lubricants.
 HFC-32 – miscibility and working viscosity differences.
 HFO blends – uncertainty to which refrigerants will be used and best lubricant candidates.
- Ruling out lubricants that are not good candidates.
- Evaluating a matrix of various HFO blends and different lubricant chemistries and viscosities.
 Hydrocarbon (HC) refrigerants – optimization versus traditional mineral oil based lubricants.
Exhaustive studies in miscibility, lubricant-refrigerant stability tests and pressure-viscosity-temperature (PVT)
interactions will be discussed and illustrated to show how these techniques are vital to finding the correct lubricant
for the corresponding refrigerant. Once the right combinations are identified compressor reliability and performance
tests can be used to justify the lubricant selection.
The lubricant and refrigerant testing will also be compared to current activities that are taking place in the
HVAC&R industry regarding lower GWP compressor and system testing. Providing some insight to how lubricant
optimization requirements for some of the lower GWP refrigerants under investigation and being tested could
benefit the overall performance of the system.
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1. INTRODUCTION
Many regions of the world have come accustom to the benefits that refrigeration and air conditioning brings, from
comfort cooling to food preservation to industrial processing. Demographic demand for more refrigeration and air
conditioning applications along with increasing population emphasizes the need for equipment that is both reliable
and efficient. Properly designed refrigerant chemistries and properties is core to providing the needed
thermodynamic properties to create cool and cold. More recently concern has risen about the affect some
refrigerants have on the environment. This has led to questioning the use of refrigerants that have provided efficient
and safe use for many years and the call for replacement refrigerants that are more environmentally friendly.
Unfortunately current replacement options appear to have some weaknesses when it comes to overall acceptability.
Most of these weaknesses center on safety and efficient operation. Safety concerns such as flammability, high
pressure and toxicity have limited the overall use of some refrigerants while inefficient operation (indirect emission)
can eliminate any benefits the direct emissions a lower GWP refrigerant can provide. The different types of
chemistries that appear to be leading the way of options for lower GWP refrigerants are: 1) HFC refrigerants like
HFC-32 which has reduced GWP values over currently used products; 2) HC refrigerants like HC-600a and HC-290
which are finding use in smaller capacity applications like home appliances and commercial equipment; and 3) HFO
refrigerants like HFO-1234yf and HFO-1234ze(E) which are being used in automotive air conditioning or being
investigated for numerous HFC refrigerant replacements, along with being blended with other refrigerants. Table 1
provides some information regarding low GWP refrigerants of interest which will be discussed in this paper.

Table 1: Refrigerant data
Refrigerant

GWP

HFO-1234ze(E)

1

HFC-32

675

HFO Blends

Various

Safety and Other Considerations
Rating of slightly flammable. Class of
compounds that has an unsaturated
bond.
Rating of slightly flammable.
Non-toxic and could be slightly
flammable to non-flammable. GWP
values from 100 to 1000.

Misc.
Considered to be an R-134a replacement but
potentially not a drop-in. Currently used as
a low GWP foam blowing agent.
Currently used in R-410A refrigerant as a
blend component at 50%.
Alternatives for HFC-404A; HFC-410A;
HFC-134a and HCFC-22. Mainly blended
with other HFC refrigerants.

2. LUBRICANT AND REFRIGERANT INTERACTIONS
Understanding the interaction of the lubricant with the refrigerant is critical to any refrigeration or air conditioning
system. Each refrigerant will provide different properties, some slight some extremely different, this requires testing
each refrigerant with each individual lubricant candidate. Interaction of lubricant and refrigerant can be described
by two situations: 1) interaction of lubricant with refrigerant in the refrigeration or air conditioning system and 2)
interaction of the lubricant with refrigerant in the compressor. Proper evaluation is needed to create an operating
system that is both reliable and has maximum energy efficiency.

2.1 Lubricant – Refrigerant Interaction in the System
For most refrigeration and air conditioning systems lubricant moves out from the compressor into the system by way
of the compressor discharge. The amount of lubricant that moves into the system depends upon the type of
compressor and design of the system. This amount is described as the oil circulation rate (OCR) and is typically an
amount that can be measured. The importance of understanding this interaction is essential in maintaining the
proper levels of lubricant in the compressor and maximizing energy efficiency through limiting heat transfer
degradation in heat exchange coils due to lubricant coating remaining on the heat exchange surface.
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The most important test in evaluating the ability of the lubricant to move through the system back to the
compressors is determined by the lubricant and refrigerant miscibility. Lubricant mixed with refrigerant usually at
levels between 1 and 30% lubricant are evaluated at various temperatures to determine and understand the physical
state of the two fluids. Figure 1 is a representation of this evaluation both in picture and graphical form.
Figure 1: Miscibility of lubricant and refrigerant

The concentration of lubricant and refrigerant that remains one phase over the measured temperature range is termed
miscible. When the mixture concentration begins to separate the mixture is termed immiscbile and the temperature
at which this occurs is recorded. By varying the lubricant to refrigerant concentrations curves as illustrated in Figure
1 can be drawn to graphically represent a miscibility curve. Once the curves are produced for individual lubricants
and refrigerants then parameters such as oil circulation rates and system operating temperatures can be used to
determine if the combination is adequate for use. Having lubricants that maintain desired levels of miscibility with
refrigerants is beneficial to proper compressor and system operation. Lubricant and refrigerant combinations that
maintain a certain level of immiscibility in system operation usually have some method of separating the lubricant
from the refrigerant (i.e. oil separators) in order to maintain adequate lubricant levels in the compressor and
minimize heat transfer degradations in the system.

2.2 Lubricant – Refrigerant Interaction in the Compressor
The interaction of the lubricant and refrigerant in the compressor is more detailed and complicated in evaluation
then the system interaction. For this interaction there are three main points: 1) the solubility the refrigerant has in
the lubricant; 2) the viscosity the combination of lubricant and refrigerant represent which is sometimes referred to
as the “working viscosity”; and 3) the stability the lubricant and refrigerant has with other components in the
compressor.
The solubility of the refrigerant in the lubricant is measured at refrigerant concentrations usually between 1 and
30%. The pressure produced at varying temperatures of each concentration is measured and displayed in a graphical
format as represented in Figure 2.
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Figure 2: Solubility

The dilution factor of the refrigerant in the lubricant translates into the working viscosity via measured viscosity
values at temperature and pressure. This information refered to as Pressure-Viscosity-Temperature (PVT) or Daniel
Plots are valuable data used to make predictions for bearing viscosity requirements. Figure 3 is a typical PVT curve
which is developed using specialized equipment and represents the relationship between pressure, temperature,
solubility and viscosity.
Figure 3: Pressure-Viscosity-Temperature (PVT) curve

The lubricant and refrigerant in the compressor (and also in the system) needs to be compatible not only with
themselves but also with other components such as metals, plastics, elastomers and other materials of construction.
Initial investigation is normally accomplished by testing the combinations in either glass sealed tubes or metal
vessels under predetermined temperature, presssure and duration. Figure 4 shows a rendering of ASHRAE 97
sealed tube preparation and a pressurized metal vessel. A condition of 14 days at 175°C is fairly common to the
industry for sealed tube testing and for metal vessel testing conditions can be varied to meet desired situations.
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Figure 4: ASHRAE 97 sealed tube testing and pressure metal vessel testing

3. Evaluation of Lubricants for Next Generation Refrigerants
A number of new refrigerants are under investigation to address potential environmental concerns or future potential
legislation in restriction of use. Though it is not clear what refrigerants will be the next options it is still essential to
get a head start of evaluating lubricant chemistries in order to meet the challenges of system stability and optimized
efficiency. The remainder of this report will choose some specific low GWP refrigerant options that have beccome
more dominant in the market place or ones that could eventually become commercial products.

4. HFO-1234ze(E)
4.1 Properties and Other Information
HFO-1234ze(E) is a class of refrigerants made up of carbon, hydrogen and fluorine with a chemical classification of
hydrofluoro olefin due to the unsaturation in the molecule (double bond). The molecule has 3 carbons, 4 fluorines
and three hydrogens with the atoms positioned such that the molecule has a trans stereochemistry configuration.
HFO-1234ze(E) is considered similar to R-134a though probably not a direct drop-in replacement. The refrigerant
is non-toxic and slightly flammable with an A2L classification.

4.2 Miscibility
HFO-1234ze(E) was tested with lubricants at 10% concentration of lubricant in 90% refrigerant and Table 2 outlines
the relative miscibility of various lubricants types (chemistries) at the 10% concentration when measured from 20°C
down to -60°C.
Table 2: Miscibility Results of Various Lubricant Chemistries with HFO-1234ze(E)
10% Lubricant
Phase Separation
Temperature

Polyol Ester

Alkylbenzene

Mineral Oil

Polyalpha Olefin

Less than -60°C

20°C

20°C

20°C

The table indicates that miscibility of HFO-1234ze(E) with lubricants will follow a similar trend to current HFC
refrigerants such that alkylbenzene, mineral oils and polyalpha olefin lubricants will be classified as immiscible
while polyol ester chemistry will be miscible. Traditionally for reliable and efficient system operation a lubricantrefrigerant combination with miscibility is most desirable.
As described above HFO-1234ze(E) has very low temperature miscibility with polyol ester lubricants but in some
situations or applications this level of miscibility might not be necessary or desirable especially if it affects other
parameters of operation. To that extent lubricant chemistry modifications can be investigated to evaluate better
optimization of miscibility with HFO-1234ze(E). Table 3 list examples of lubricant modifications that have resulted
in changing the miscibility point of HFO-1234ze(E) which could help match the miscibility to application and
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optimized performance. Miscibility optimization may also be more representative of current HFC refrigerants like
HFC-134a with current lubricants.
Table 3: Lubricant miscibility optimization with HFO-1234ze(E)

10% Lubricant

Traditional POE
Lubricant with
R-134a

Traditional POE
Lubricant with
HFO-1234ze(E)

Modified
Lubricant A

Modified
Lubricant B

Modified
Lubricant C

Phase Separation
Temperature

-20°C

< -60°C

-25°C

-15°C

0°C

4.3 Solubility and Working Viscosity
Typically lubricants that exhibit low temperature miscibility with a refrigerant also have higher levels of solubility
and this is the case with HFO-1234ze(E) and polyolester lubricants traditionally used with HFC refrigerants. The
solubility factor of HFO-1234ze(E) can be significant enough at some operating conditions that changes need to be
addressed to the lubricant in order to provide the proper working viscosity to the bearing. Figure 5 shows an
example of working viscosity in centistokes versus temperature in Celsius of HFO-1234ze(E) with various
lubricants when held at a constant pressure of 3 bar compared to HFC-134a.
Figure 5: Working viscosity at constant pressure (3 bar) with viscosity change

For lower pressures typically encountered at the low pressure side of a system POE lubricant options when
changing from R-134a operation to HFO-1234ze(E) could potential be satisfied by increasing the viscosity. This is
the change that is represented in Figure 5. Most of the temperature range is satisfied by the viscosity increase and at
lower temperatures alternate routes may be required to satisfy the viscosity needs. When the pressures get higher a
viscosity change may not be enough. Figure 6 shows how the same lubricant used with R-134a compares to HFO1234ze(E) at 10 bar system along with a viscosity change to a higher viscosity POE.
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Figure 6: Working viscosity at constant pressure (10 bar) with viscosity change

Now at this condition the increased pressure has higher solubility so the viscosity increase only satisfies a small part
of the temperature range at higher temperatures. To meet the working viscosity demand at this higher pressure it
becomes necessary to make over changes beyond viscosity, this is where it may be necessary to make changes to the
chemistry of the lubricant. Figure 7 compares the a change in chemistry of the lubricant to HFC-134a and HFO1234ze(E) used with the same POE lubricant. The chemistry change to the lubricant covers more of the temperature
range and at higher temperature might carry too much viscosity but this can be easily optimized to meet the required
need.
Figure 7: Working viscosity at constant pressure (10 bar) with chemistry change
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4.4 Lubricant and Refrigerant Stability
HFC refrigerants have proven to be a very stable molecule at typical operating conditions in HVAC&R equipment.
Changing to a new HFO molecule need evaluation. Some investigation has been done in the industry showing an a
potential decrease to the stability of HFO refrigerants like HFO-1234yf and HFO-1234ze(E) but also ways to help
stabilize these refrigerants in combination with lubricants during operation. Figure 8 and Table 4 shows results of
ASHRAE 97 sealed tube testing with HFO-1234ze(E) and a POE lubricant after 14 days at 175°C. Overall the
solutions remain clear, the metals are unchanged and the acidity level shows slight increase suggesting this
combination should be a satisfactory for use in a system.
Figure 8: Glass Sealed Tubes

Table 4: Sealed Tube Test Results

4.4 Lubricant Optimization
Given the solubility and working viscosity challenges for lubricants used with HFO-1234ze(E) refrigerants a
number of candidates have been formulated to meet the need for compressor and system operation. A few of these
lubricants are listed in Table 5 which represents product that will meet needed requirements of miscibility and
bearing viscosity while providing system reliability and maintaining energy efficiency levels.
Table 5: Lubricants optimized for use with HFO-1234ze(E)
Lubricant
VG68 POE

Miscibility at 10% Lubricant, °C
< -60

VG220 POE/R-134a
VG220 POE
VG200 New Formulation
VG220 New Formulation

<-60
-20
-20

Viscosity at 50°C and 3 bar, cSt
17.8
Viscosity at 80°C and 10 bar
12.6
7.0
14.6
19.6

5. HFC-32
5.1 Properties and Other Information
HFC-32 is a hydroflurocarbon refrigerant that has a GWP value of 675, nontoxic and is slightly flammable with an
A2L classification. HFC-32 is currently 50% of the composition of HFC-410A. HFC-32 appears to be substitute
for HFC-410A with operating discharge temperatures and pressures for HFC-32 higher than that of HFC-410A.

5.2 Miscibility
As stated above HFC-32 looks to be a substitute for HFC-410A which has predominately been used in the air
conditioning market. Miscibility of HFC-32 with current lubricants used with HFC-410A also appears to be the
challenge that needs investigating. Various papers and presentations have been made regarding the differences seen
in miscibility both in bench miscibility tests and system testing. Lubricants used with HFC-410A have typically
fallen into two use categories: 1) Synthetic lubricants mainly polyolester with a viscosity grade of 32 centistokes for
use in scroll or reciprocating compressors. 2) Synthetic lubricants mainly polyolester and polyvinyl ether with a
viscosity grade of 68 centistokes for use in rotary compressors. The lower temperature range (room temperature and
below) of miscibility of these lubricants with HFC-410A and HFC-32 is shown in Figure 9. When current HFC-

15th International Refrigeration and Air Conditioning Conference at Purdue, July 14-17, 2014

2331, Page 9
410A lubricant chemistries are used with HFC-32 the miscibility range will be reduced to a point that oil return and
heat transfer issues could occur. Early investigations with HFC-32 have indicated miscibility concerns. Some
changes will need to be made to lubricant offerings to meet miscibility requirements.
Figure 9: Miscibility Range Comparisons (HFC-410A and HFC-32)

5.3 Lubricant Optimization
To meet the miscibility challenge associated with HFC-32 different lubricants chemistries have been developed for
both 32 cSt (VG32) product used in scrolls and reciprocating compressors and 68 cSt (VG68) product used in rotary
compressors. Table 6 shows these new products and how they compare to some traditional products used with
HFC-410A both in miscibility and working viscosity.
Table 6: Lubricants with improved HFC-32 miscibility
POE Viscosity
VG 32 (Current)
VG 32 (New)
VG68 (Current)
VG68 (New)

Refrigerant
HFC-410A
HFC-32
HFC-410A
HFC-32

Miscibility, 10%
-35°C
-35°C
-15°C
-15°C

Working Viscosity at Max Load Conditions
7.2 cSt
5.5 cSt
12.0 cSt
9.0 cSt

New VG32 and VG68 POE lubricants for HFC-32 provide miscibility levels that where found with current VG32
and VG68 lubricants and HFC-410A. Though the miscibility can be matched these products show a working
viscosity difference that could weaken proper bearing lubrication. Initial evaluation shows that making the change to
lower temperature miscibility of lubricants with HFC-32 may not provide the needed viscosity in operation so more
investigation is needed in this area.

6. HFO REFRIGERANT BLENDS
3.1 Properties
As mentioned earlier there are a number of new refrigerants being developed which combine HFO and HFC
refrigerants as substitutes for current higher GWP HFC refrigerant. Though it is too early to tell which refrigerants
will be accepted, screening work was done to see how the miscibility of these lubricants compare to current HFC
and lubricant combinations. Table 7 is an early indication of miscibility and shows that some current POE
formulations could be acceptable.
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Table 7: Miscibility of various HFO/HFC blends with current POE formulations
Current
POE Lubricant
ISO 22
ISO 32
ISO 68

Miscibility Temperature, °C for 10% Lubricant Concentration
HCFC-22
HFC-404A
HFC-134A
HFC-410A
Replacement
Replacement
Replacement
Replacement
<-60
<-60
<-60
-40
<-60
<-60
<-60
-30
<-60
<-60
<-60
-15

Initial evaluation indicates that some of refrigerant candidates that are using a blend of an HFO refrigerant and an
HFC refrigerant will have adequate miscibility with current POE lubricants on the market. This appears to be a
good starting point for lubricant options and additional work could provide optimization of lubricant candidates.

7. CONCLUSIONS
Refrigerant candidates are changing in order to meet the potential requirements for lower GWP refrigerants. Early
investigation shows that POE lubricants currently on the market could meet specific lubricant and refrigerant
interaction requirements with optimization, if needed. Certain refrigerants like HFO-1234ze(E) and HFC-32 will
require various levels of lubricant optimization to maintain system reliability and efficiency. Higher viscosity
lubricants or lubricant chemistry changes are two ways to meet the requirements for some newer low GWP
refrigerants.
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